There is wide agreement that information and communication technology (ICT) is a valuable tool for people with disability. Several research disciplines have focused on how people with disability can take advantage of the technology available for social, educational and personal purposes. Virtual worlds represent the latest addition to the technologies available, yet there is little research on how people with disability use and experience virtual worlds. A review of research conducted in different disciplines on the affordances and challenges of virtual worlds and ICT for people with disability is presented here. The main objective was to highlight areas that lack sufficient research in the field of virtual worlds for people with disability. Understanding how use of ICT influences people with disability is important to identify the possibilities and challenges virtual worlds offer to this group. Findings from this study indicate that there is little empirical research exploring the social aspects, work opportunities and personal value virtual worlds may offer people with disability. The research reviewed points to the importance of bringing research disciplines together to accelerate knowledge about the potential and promises of virtual worlds for people with disability.
Introduction
Self-care, mobility, transportation and housing are issues that are taken for granted by most individuals. However, for those with a disability these issues can be challenging (Greenwood, 1987) . People with disability may experience problems both with access to a range of community activities and in gaining acceptance within the general community (Ballin and Balandin, 2007) . Challenges include being treated differently and not being perceived as equal to non-disabled peers. Societies may treat people with disability as though an impairment in one area of functioning invalidates their abilities and opportunities in others (Hammel et al., 2008) .
Information and communication technology (ICT) holds great promise for people with disability because it can reduce or eliminate many barriers, which under other circumstances might impair or prevent people with disability from participating in day to day activities (D'Aubin, 2007) . ICT support for people with disability has been a well-researched topic, however, there is limited research on the affordances and challenges of specific technology such as virtual worlds (VWs) for this group (Stendal, Balandin and Molka-Danielsen, 2011 ). This paper synthesizes findings from different research disciplines focusing on the use and experience of ICT and virtual worlds (VWs) for people with disability. By understanding the opportunities and challenges of ICT for people with disability, we can build a broader understanding of the possible impact virtual worlds may have on people with disability. The author reviewed 54 articles, extending earlier reviews in specific areas such as VWs for rehabilitation (Standen and Brown, 2005) , ICT to support caregivers of people with disability (Mattila et al., 2007) , and the use of virtual reality by children with disability (McComas, Pivik and Laflamme, 1998) .
The aims of this paper are to (1) present an overview of the research specific to the opportunities and challenges people with disability experience with ICT and VWs, (2) illustrate the status of research in this area, and (3) identify gaps that warrant further exploration. It can be argued that highlighting the primary research topics in this review will encourage cross-disciplinary research efforts in the future.
First, this paper presents the concepts of ICT, VWs and disability. Next, the research method is described followed by an overview of the reviewed papers and the findings from the review process. Finally, a discussion of the key findings and recommendations for future research are presented along with implications for practice and research.
All articles were classified into a concept matrix (Table 1) which includes research method, type of VW/ICT, and main themes of the research, as suggested by Webster and Watson (2002) . Webster and Watson (2002) explained that a literature review needs to be concept-centric to succeed in synthesizing the literature. They indicated that a concept matrix provides a structure to the literature review, but also helps in clarifying the concepts from the literature review for the reader. Table 1 shows the concept matrix of the literature of this paper. The main themes identified in the review were: (1) Access to technology, (2) Inclusion, Exclusion and Empowerment, and (3) Training and Rehabilitation. Access to technology implies that how likely people with disability will have access to computers and the Internet. Inclusion, Exclusion and Empowerment, covers the outcomes of access to technology experienced by people with disability. Training and Rehabilitation, discuss how technology can be facilitate training for real life situations or experiences. Table 1 also shows the type of VW/ICT on which the reviewed literature focuses. The "Assistive technology" category includes visual aids or technology to help individuals function in daily life. The "Other ICT" category includes e-mail, computer games, cell phones, and text handling systems. The "Custom-designed VW" category represent VWs which have a set context and not necessarily available for all, while the "Open Access Multi-user VW" category describes VWs, such as Second Life or other VWs, in principle available to all.
In addition, Table 1 shows the main research methods used by the reviewed literature. The "Other Method" category reflects articles that did not explicitly state the research method, articles based on multiple studies using multiple research methods, and articles not based on primary empirical data (i.e. editorials and conceptual papers).
These categories were not mutually exclusive and some articles were categorized within several technology and/or theme categories. In the following section the main research findings in each theme are presented, and representative studies are cited.
Article

Theme 1: Access to Technology
Seven studies focused on the people with disability's access to technology and related opportunities and challenges.
A common theme emerging from these studies was whether it is likely that people with disability have ready access to ICT. A survey study in China indicated that a minority of people with disability have access to the internet; this represents a digital divide (Guo, Bricout and Huang, 2005) . People with disability who have access experience a significant increase in frequency of social interactions and reduction of existing barriers in the physical and social environment. The authors suggested researchers focus on how ICT can be more accessible for people with disability. This recommendation is supported by a U.S. study (Dobransky and Hargittai, 2006) . Based on nationally representative data about Assembled/ May 2012 Journal of Virtual Worlds Research Vol. 5, No. 1 America's internet use, the authors concluded that people with disability are less likely to live in a household with computers, and thus are less likely to use computers or engage in online activities.
In addition to reduced access to computers and ICT, there are other barriers for people with disability. One barrier relates to the environment, such as near family or support staff. A Spanish exploratory study indicated that support staff and other close relations often make choices for people with disability, and deny them the opportunity to access a computer or the internet (Gutierrez and Martorell, 2011) . The authors also concluded that there is no reason why people with a mild to moderate intellectual disability should not be able to use the internet. Care givers may not trust people with disability to use ICT or may not understand the importance of such use, and so make decisions on behalf of people with disability. Parsons et al. (2008) also pointed to the need to understand the relevance and usefulness for people with a disability when introducing communication technology. In contrast, a Swedish study based on interviews with children with physical disability demonstrated that the children were more likely to be engaged in ICT activities in their spare time, compared to their non-disabled peers, who were engaged in a broader range of activities outside of school (Lidström, Ahlsten and Hemmingsson, 2011) . Unable to participate in after school activities with their non-disabled peers, the children with disability turned to technology in their leisure time.
Theme 2: Inclusion, Exclusion and Empowerment
Thirty eight studies focused on the outcomes of use of VWs and ICT. Within this theme, the main topics identified were inclusion, exclusion and empowerment.
Although access to ICT and VWs is a challenge for people with disability, ICT can be positive for those who have access. Access and use of ICT provide an opportunity for people with disability to communicate and interact with others and gain a sense of equality and inclusion. Bowker and Tuffin (2002) interviewed people with disability from New Zealand to explore the meaning of "choice to disclose" in online media. They found the flexibility of online media provided control over people with disability's disclosure of impairment, an opportunity not typically available in real world social interactions. The affordance of "normalization" enables people with disability to be included and treated as equal by their non-disabled peers. Online communities have showed a success for those with a disability (Bradley and Poppen, 2003) . Based on a one-year follow up questionnaire, their study indicated that those communicating with the help of ICT discovered a new sense of friendship and show significantly reduced isolation.
ICT in special education settings gives students the tools to follow and participate more fully in the educational environment (Lewis, Trushell and Woods, 2005) . The authors noted that children with Asperger's syndrome had a moderately increased ability to interact with their non-disabled classmates with the help of ICT. This applied in both social and educational settings. VWs may also be valuable in improving inclusion. The use of an avatar may help remove prejudices created by stereotypes found in real life, and thus provide a greater sense of inclusion for people with disability (Ford, 2001 ).
People with disability find online self-help groups and blogging important for feelings of inclusion. McClimens and Gordon (2009) conducted a study in which people with intellectual disability were introduced and trained in writing blogs over six meetings. The authors stated that the participants experienced a new form of inclusion and empowerment when able to express and share their thoughts and feelings online. However, while this study showed people with disability experienced enjoyment from the use of blogs, the authors called for additional research exploring the value of blogging. Access to information and services through websites, which in other contexts are hard to obtain or are unavailable, gives people with disability a sense of inclusion in society as a whole (Parsons et al., 2006) . Closely related to access to information and inclusion is a sense of empowerment. For people with disability, empowerment can be provided by the use of ICT (Renblad, 2003) , which facilitates them to make their own decisions. With the help of ICT, people with disability can have access to information needed to make decisions. VWs may also be a means of empowerment for people with disability because they can move around in the virtual environment unconstrained by physical disability (Babiss, 2009) . VWs may enrich the overall quality of life for people with disability and enhance their physical, emotional and social adjustment, through social interactions, employment and volunteer work opportunities (Stewart, Hansen and Carey, 2010) .
It is easy to focus on the positive aspects of ICT for people with disability but there are obstacles which are important to note. Researchers note there are challenges when utilizing ICT and VWs. Access to the available technology is an important factor, however, if individuals cannot use the ICT provided people with disability may be neglected or excluded by their peers (Söderström, 2009b) . Söderström stated that the use of ICT has become a social phenomenon, and without the right training and access, people with disability may experience exclusion rather than the promised inclusion. Standen and Brown (2006) stated that VWs are a valuable tool for people with an intellectual disability, and virtual environments which are less complex to use are needed. The complexity of using VWs may discourage use, and lead to potential opportunities not being utilized. VWs may present potential harm for people with disability if programs fail to provide users the option to conceal disability (Ford, 2001) . Some functionality offered by the VWs may reconstruct a disability (Carr, 2010) . As an example, with the introduction of the voice feature to the VW Second Life, deaf students are potentially excluded. Educators lecturing in VWs need to be aware of the challenges the voice feature creates. Carr also called for further exploration of the possibilities and challenges people with disability experience in VWs.
Theme 3: Training and Rehabilitation
Ten of the studies in this review were mainly focused on social training and rehabilitation with the help of ICT and VWs. This research focuses on the promises of VWs and ICT for people with disability.
Experiments using computer games for training people with disability or the use of community based ICT for teaching people with disability computer skills, demonstrate some success. For example, custom designed computer games which train children with disability what to do in case of a fire, showed an increase in their knowledge about such situations outside the gaming environment (Coles et al., 2007) . In this study, children with fetal alcohol disorder played a computer game where they encountered situations incorporating street and fire hazards until mastery. After finishing the game, the children answered questions about what to do in such situations. The children were able to generalize the knowledge they had learned from the computer games into real world situations. This indicated that computer games may be valuable tool to teach children with disability to avoid injuries and to learn important skills needed in the community.
Custom designed VWs have been in focus in rehabilitation research. In the early rehabilitation research there are few reports based on empirical studies. In a conceptual paper, Jones (1998) concluded that individuals engaging in virtual realities are showing real life improvement, but pointed to the costs and noted the minimal research at that time was a limitation In a review, Wilson, Foreman and Stanton (1997) stated the main benefit of virtual reality for people with disability is the ability for them to Assembled Custom designed VWs are of value for people with disability in rehabilitation and in educational settings. While field trips may be a difficult task in special education, Smedley and Higgins (2005) suggested that virtual field trips may be a good alternative for children with a disability to visit different locations around the world. They pointed to the importance of teachers familiarizing themselves with the technology to fully utilize the potential of VWs in education. They also noted that teachers would have better control when the students are on a field trip in the VW. Another benefit of bringing virtual field trips into the special education classroom is as preparation for a real world experience (Elleven et al., 2006) . The authors stated it is possible that students with a disability can learn about real-life work demands through the VW, and such experience can be a part of a successful career exploration. Also, this paper discusses custom designed VWs as a tool for educating people with disability, where the contexts of the virtual field trips are set up front.
Virtual realities have potential to reduce the effects of a disability and may prove to enhance training and skills development. Custom designed virtual realities are proving to be beneficial for people with intellectual disability to learn social skills, skills for independent living, and manufacturing skills (Standen and Brown, 2005) . The skills learned in a virtual environment can be transferred to real life settings, for some but not all people with disability. People with Asperger's syndrome, for example, tend to have communication and social understanding difficulties and experience difficulties in generalization from one setting to another.
Summary of Research to Date
This review identifies how a range of ICT and VW applications are used by people with disability for enjoyment, employment, communication, friendship, education and discussion. Individuals using ICT experience independence and empowerment. Being able to participate in education, workforce and social settings using ICT, provides experiences of inclusion and may reduce feelings of isolation. Nevertheless, ICT can work against these positive outcomes for people with disability and result in increased feelings of exclusion. Low level of access to ICT, due to the cost of acquiring a computer, or care givers' lack of ICT experience can represent barriers, and are examples of people with disability not being able to take advantage of the promises offered by technology. Exclusion when using ICT has also been reported when people with disability are not accepted as equals by their peers. Lack of computer skills and incompatible technical support are also reasons for exclusion and may lead to under-use.
People with disability have experienced success in developing social skills and skills for independent living through training in custom designed VWs. Inclusion by their peers and escaping prejudice, through use of VWs, is of value for people with disability. In the special education classroom, VWs offer an opportunity to visit locations throughout the world using virtual field trips. Individuals could also participate in classroom activities from their own homes. However, technology is complex; this may be a barrier for people with disability wishing to engage in VWs.
Implications and Questions for Future Research
In this paper, the review shows how technology can offer people with disability a wide range of opportunities and challenges. While there is high focus on ICT for people with disability, there are gaps in the research about the opportunities and challenges that VWs offer to people with disability. The insights gained from the role of ICT in supporting people with disabilities provide a valid and a very strong starting point when considering opportunities and challenges offered by VWs for people with disability. Based on the literature review, the following challenges and research gaps were identified.
Access to All
One of the challenges for people with disability is access to technology, which is found in the cross-section between VWs and ICT. A digital divide is present in some countries, and affects people with disability. Access to technology is proving to be of value for people with disability, but lack of access may mean this group is not being able to take advantage of the values technology offer. Ways to ensure access and availability of technology for people with disability warrants research. The statistics on world internet use show only 30.2% of the world population use the internet (InternetWorldStats, 2011) . Only 54 % of Americans living with a disability use the internet and only 41% of the same group have broadband at home (Fox, 2011) . Such figures indicate there is still a way to go in this area.
Open Access Multi-User Virtual Worlds
In the twelve articles concerning VWs included in this review (ref. Table 1 ), eight focused on custom designed VWs where few individuals have access, three articles focused on the VW Second Life, and one focused on another open access multi-user VW. Custom designed virtual environments are designed for a special purpose and do not necessarily give users the opportunity to create content in the VW. However, open access multi-user VWs, such as Second Life, have to date not been in great focus in any research within this field. Open access multi-user VWs offer a venue where people with disability have the opportunity to be a participant and a member of a community. These are challenges people with disability experience in real life, which may be overcome or reduced by the use of VWs. Empirical research focusing on open access multi-user VWs, where in theory, all have access, will help us understand the possibilities and opportunities implied in the technology for people with disability.
Universal Design
The complexity of VWs may discourage some people with disability from using the technology. The digital divide may not only be in access to technology, but also in the design and usability of VWs. Standen and Brown (2006) stated that there is a need for less complex VWs. There is a demand for universal design to facilitate more people taking advantage of services and products (Bühler, 2001) . A set of international standards for VWs were presented in 2011 (Gelissen and Sivan, 2011) . These standards represented the first step towards standards within VWs and between VWs and real world contexts. However, for VWs to date there are no standards for universal design. Standards could benefit people with disability who want to take advantage of the possibilities offered by the VW technology (Krueger and Stineman, 2011) .
Employment in Virtual Worlds
Participating through being a part of the workforce is important to people with disability, as a way to contribute to the community. However, people with disability are less likely to be employed than their non-disabled peers (Hammel et al., 2008) . VWs offer the opportunity for people with disability to find employment or contribute as volunteers (Stewart, Hansen and Carey, 2010) . In the fourth quarter of 2010, the web merchandise sales volume of Second Life was 956 million USD (Linden, 2011) , which indicates large sums of money are invested through transactions performed in Second Life. There is a possibility to earn an income through the VW Second Life. Currently it is not known to what extent people with disability are taking advantage of this opportunity or will choose to take this opportunity in Assembled/ May 2012 Journal of Virtual Worlds Research Vol. 5, No. 1 the future. VW employment may represent a possibility for independence and empowerment, which is important for this group.
Volunteering in Virtual Worlds
On Virtual Ability Island in Second Life, run by Virtual Ability Inc., people with disability are volunteering to help one another in getting familiar with VWs (Babiss, 2009) . Virtual Ability Inc. helps members of their community to integrate into the virtual society, and provides an ongoing support. The community offers members information, encouragement, training, companionship, referrals to other online resources and groups, ways to contribute back to the community, and ways to have fun (VirtualAbilityInc, 2012) . This possibility to contribute and, at the same time meet new people and establish friendships, from the safety of home is one of the benefits VWs offer to enhance quality of life for people with disability.
Social and Leisure Activities in Virtual Worlds
VWs, such as Second Life, offer an environment which invites people to play and engage in leisure activities, relaxing and escaping from the real world (Zhou et al., 2010) . Mobility challenges or prejudices can hinder or discourage people with disability to engage in activities in the real world. Stewart et al. (2010) noted people with disability experience joy and inclusion by playing and communicating in Second Life. We know people with disability are engaging in various activities in VWs (Babiss, 2009; Stendal, Balandin and Molka-Danielsen, 2011) . The possibility to meet and interact with people throughout the world, to have the possibility to choose what to disclose or how to play with identity, supplies the opportunity to socialize in ways not always available in the real world. The presented ICT research shows there is potential for inclusion and empowerment, yet this still requires further research, particularly in the case of people with disability.
Diversity among Disabilities using Virtual Worlds
An important factor when considering people with disability is the variety of challenges this group encounters, depending on the disability. Challenges incurred with a physical disability may differ from those incurred with an intellectual disability. As previously discussed, universal design may help an increased number of people with disability utilize the possibilities represented by VWs. An aspect requiring attention and empirical research is how different groups of people with disability experience use of VWs. By understanding the differences and challenges met by each group, support staff aiding people with disability will be better equipped to allocate the resources appropriately. Also, it is important to ensure that support staff will not become themselves a barrier to people with disability participating in virtual communities.
The Multi-Disciplinary Nature of the Field
It is important to recognize the multi-disciplinary nature of research in VWs and ICT (Carr, 2010) . The research presented in this review focused on technology and people with disability. The knowledge of ICT use creates a foundation for research in VWs for people with disability, due to the closely related technical aspects and benefits promised by both ICT and VWs. Because this area is focused on both the technological and human factors, it may be of great importance to unite research forces and explore this new opportunity for people with disability across disciplinary boundaries. Researchers have previously suggested a need for an increased focus on VWs in IS research (Walsh and Pawlowski, 2002) , and the IS field is viewed as a natural leader in cross-disciplinary research involving humans and technologies (Lanamäki, Stendal and Thapa, 2011) . Due to the multi-disciplinary nature of technology and disability, Journal of Virtual Worlds Research Vol. 5, No. 1 a strong collaboration among researchers in the fields of IS, disability studies, rehabilitation and education is needed to develop the knowledge base further.
Conclusion
This review synthesizes the existing literature and includes suggestions for future research in the domain of VWs and people with disability. Research on ICT for people with disability shows both opportunities and challenges, yet there is little research which focuses on the role of VWs for people with disability. It is important to understand the opportunities and challenges of ICT for people with disability, in order to understand the possible impact VWs may have on people with disability. The research on virtual worlds and disability is in an early stage. Of the twelve articles on virtual worlds for people with disability identified in this review, only three are based on empirical data. The remaining articles are conceptual papers, editorials and literature reviews (ref. Table 1 ). This indicates a need for empirical research and rigorous analysis of the possibilities and challenges VWs may offer people with disability. Considering the multi-disciplinary nature of the field such as IS, disability studies, rehabilitation and education, multi-disciplinary research teams should work together to ensure more people with disability are able to take advantage of the opportunities offered by virtual worlds.
